Hydrogel preparation
A c c e p t e d M a n u s c r i p t 7 prepared by using the emulsification/spray drying method previously described (Gavini et al., 142 2004). After preliminary studies, the total solid (drug + polymer) concentrations of 4% w/v was 143 selected; drug to polymer ratios of 1:4 and 1:10 were considered. Table 1 lists Blank microspheres were produced as control by dissolving PLGA in dichloromethane.
154 Table 1 . Microsphere formulations: composition and spray-dryer manufacturing parameters. 156 Mean diameter and d90/d10 ratio were also reported. Composite hydrogels were prepared by combining the microspheres and the hydrogel. Two 164 methods were tested: 1) PLGA microspheres (30 mg) were added into the chitosan solution; which 165 was then loaded onto the alginate solution and stirred vigorously; 2) the addition of microspheres 166 was performed after the formation of chitosan/alginate hydrogel. Release studies of DFO from microspheres, loaded and composite hydrogels were carried out.
269
Microspheres or hydrogels were put in 50 mL of PBS containing 0.01% Tween 80 and shaken at 80 270 rpm, 37°C for 10 days.
271
At predetermined time points, 1 mL of medium was withdrawn and centrifuged at 13,000 rpm for Microspheres were produced by spray-drying technique using RG502 and RG504 as polymers. Spray-drying appears to be a suitable method for the preparation of unloaded and DFO loaded 322 microspheres, but with yield of production ranging from 34% to 67%. Loss of yield was due to 323 deposition in the spray-drying apparatus. This is a common problem with small drying chambers 324 and does not normally occur in industrial scale spray-drying due to the large cyclone area (Sosnik 325 & Seremeta, 2015). 
Particle size analysis

328
The particle size and particle size distribution of the microspheres were determined by analysing A c c e p t e d M a n u s c r i p t 15 the powder in the dry state or in suspension. When measured in suspension ( In order to observe whether an improvement in particle size distribution with reduced aggregation 344 was observed using a dry method, samples were analysed using this method as a qualitative 345 assessment. The mean particle size was mostly larger using the dry method ( Supplementary Fig.   346 S3), which could indicate that sample preparation for the suspension method for 502, 504, D502 4 347 and D502 10 broke aggregates and reduced the average particle size.
348
In comparison of the two particle size analysis methods, it is evident that suspending the 349 microspheres in solution containing surfactant as well as vortexing and sonicating is beneficial in 350 reducing aggregation which is advantageous to creating a true distribution curve of particle sizes. 
Microspheres morphology by (SEM)
371
The image of unloaded 502 microspheres in Fig. 2A and 2C concurs with the particle size 372 distribution profiles discussed above. The Fig. 2 shows not only the wide range of particle size 373 present in the formulations but it also provides evidence that agglomeration is the cause for 374 anomalous spikes that occur in the distribution graphs ( Supplementary Fig. S2 ). In contrast, 504 375 presented less visible aggregation between the microspheres which is likely due to the higher glass (Fig. 2D) . 395 Morphology of D504 10 was observed also after drug release studies. Samples analysed after 396 release tended to show more agglomerated and fused particles (Fig. 2E ). This occurrence is Fig. S4 ). The high initial release of the 415 microspheres (86% and 90%) indicated a burst release, followed by a negative correlation to the 416 same degree as the DFO standard indicative of drug degradation with time.
417
In an attempt to reduce the burst release of the microspheres, an increase in the ratio of polymer Unloaded and DFO loaded hydrogels as well as composite hydrogel were prepared. The molar A c c e p t e d M a n u s c r i p t 21 ratio 1/1 and pH of 3.0 were found to be critical to formation of alginate and chitosan hydrogel.
436
The gelation was immediate after vigorously stirring the chitosan and alginate solutions at room 437 temperature ( Supplementary Fig. S5 ) . 
Water uptake and swelling
453
In order to study the water uptake (WU,%) and swelling characteristics, the weight and volume 454 variations of hydrated and freeze-dried hydrogels were measured (Table 2) M a n u s c r i p t 22 Table 2 . Water uptake (WU, %) and swelling ratio (SW, %)of unloaded, loaded and composite 461 hydrogels both hydrated and freeze-dried. 
Dynamic vapour absorption (DVS) studies
474
Dynamic Vapour Sorption (DVS) studies describe the mechanism of water sorption by the gels. The 475 unloaded hydrogel (Fig. 3 A) showed a profile typical of bulk water absorption; the hysteresis is 
Hydrogels morphology by SEM
494
The morphology of the hydrogels was evaluated in order to observe their overall structural 495 characteristics, the presence of microspheres, the presence of the drug and also the changes after 496 drug release.
497
The unloaded hydrogel (Fig. 4A) presented a layered structure, whereas porous appearance was 498 observed for the loaded hydrogel. Furthermore, crystals of DFO were evident on the structure of 499 the loaded hydrogel (Fig. 4B) .
500
Observing the composite hydrogel prepared with the two methods, the included microspheres A c c e p t e d M a n u s c r i p t 24 were clearly visible. Fig. 4C shows the composite hydrogel produced by the 1 st method, chosen as 502 example; it can be seen that particles included in the gel showed integral spherical shape without 503 collapse phenomena. After dissolution, crystals were found in the hydrogel indicating that the 504 composite hydrogel is able to entrap the drug released from the microspheres further delaying its 505 release (Fig. 4D) . Greater drug crystallisation on composite hydrogel obtained with the 2 nd method 506 occurred. Microspheres are visible after dissolution too (Fig. 4D) . (Table 3) . shows overall Fickian diffusion as the mechanism of drug release (n < 0.45) (Table 3) .
542
No statistical differences were observed regardless the microspheres formulation employed.
543
The different behaviour of the composite hydrogel, can be attributed to the diverse water uptake 544 and swelling capability. The hydrated hydrogel from 2 nd method, indeed, absorbed water but did 545 not reduce in volume whereas the other formulations significantly decreased in volume loosing 546 water entrapped into the hydrogel network. As a consequence the drug dissolved in water is 547 released from the hydrogel. M a n u s c r i p t 27 Since ionically crosslinked alginate hydrogels do not specifically degrade but undergo slow, A c c e p t e d M a n u s c r i p t 28 days (p < 0.05), reaching 53% and 49% respectively.
568
The biodegradability of chitosan/alginate hydrogel studied was independent of the preparation 569 method employed. 
